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Abstract 

Background: The aims of this study were to compare results from a Taiwanese sub-study of the GLOBE 2303 
telbivudine study and evaluate the HBV DNA kinetics. 

Methods: Forty-one Taiwanese patients were treated for an additional 2 years with telbivudine. Efficacy endpoints 
were the same as the GLOBE study. The correlations of reductions in HBV DNA levels at Week 24 were evaluated. 

Results: All 7 HBeAg-positive patients with undetectable HBV DNA levels at Week 24 sustained this response at 
Year 4 with rates of ALT normalization 71%, HBeAg seroconversion 57%, and cumulative resistance 0%. Out of 16 
HBeAg-negative patients with undetectable HBV DNA levels at Week 24, 1 1 (78%) sustained this response at Year 4 
with rates of ALT normalization 83% and cumulative resistance 8.7%. There were significant correlations between 
reductions of DNA of >5 log 10 copies/mL at Week 24 with maintained PCR negativity at Years 2-4 and a lack of 
resistance at Year 2. 

Conclusions: Long-term telbivudine efficacy in Taiwanese patients was comparable to the GLOBE 2303 study. A 
reduction in HBV DNA levels by >5 log 10 copies/mL at Week 24 represented the optimal cut-off point, which may 
predict favourable outcomes in patients with high baseline HBV DNA levels. 

Trial registration: ClinicalTrials.gov Identifier: NCT001 42298 (http://clinicaltrials.gov/). 
Keywords: Chronic hepatitis B, HBV DNA kinetics, Roadmap concept 



Background 

Chronic hepatitis B (CHB) infection is an important risk 
factor for the development of liver failure, liver cirrhosis, 
and hepatocellular carcinoma. The prevalence of hepa- 
titis B virus (HBV) in Taiwan (>10%) is the highest in 
Asia, with 76% of chronic hepatitis patients being 
infected with HBV [1]. Although the implementation of 
a mass immunization program against HBV has brought 
a dramatic reduction in the prevalence of the carrier 
state, there were approximately 2.4 million HBV carriers 
in Taiwan in 2003 [2]. Genotypes B and C are the pre- 
dominant HBV strains in Taiwan, whereas genotypes A, 
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D, E, and F are the predominant genotypes in Caucasian 
patients [3]. A more frequent relapse after stopping 
lamivudine therapy has been observed, especially if 
consolidation therapy after HBeAg seroconversion is 
too short [4]. 

The Phase III GLOBE trial demonstrated the superior 
efficacy of telbivudine over lamivudine over a period of 
two years in a population of 1370 patients who had both 
HBeAg-positive and HBeAg-negative CHB [5,6]. The 
Phase Illb extension study involved an additional two 
years of telbivudine therapy with continued monitoring 
of therapeutic responses, and further demonstrated a 
higher rate of viral suppression along with better 
durability and favourable safety profile of telbivudine 
compared to lamivudine [7,8]. The roadmap concept 
uses a treatment algorithm based on patient outcomes at 
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Week 24 to maximize benefits from long-term therapy 
against HBV and minimize long-term drug resistance 
[9,10]. In the current management regimen for CHB, the 
residual HBV DNA level is considered to be a better 
marker of therapeutic outcome and the emergence of 
resistance than baseline HBV DNA levels. However, in 
patients with high HBV DNA baseline levels (>9 login 
copies/mL), it is difficult to achieve absolute HBV DNA 
non-detectability within 24 weeks of treatment given that 
the average HBV DNA reduction of even the most potent 
NAs is only 6-7 logio copies/mL per year [11]. The im- 
portance of evaluating pre-treatment characteristics such 
as baseline HBV DNA levels versus early on-treatment 
responses in predicting long-term treatment outcomes in 
CHB has not been definitively established. 

In the present study, we analyzed the efficacy of telbivu- 
dine in a homogeneous population of Taiwanese patients 
subanalysis to the GLOBE 2303 study. In addition, we 
evaluated the correlation of viral load kinetics (exact dec- 
rement in HBV DNA levels) at Week 24 with the efficacy 
in treatment Years 1-4 in telbivudine-treated Taiwanese 
CHB patients. 

Methods 

Study design and patients 

A total of 59 Taiwanese patients in the telbivudine arm and 
56 Taiwanese patients in the lamivudine arm from the in- 
tent to treat (ITT) population of the GLOBE study were 
included in this study. Signed informed consent was 
obtained from the patients and the treatment was approved 
by the joint institutional review board (NV-02B-022) and 
the department of health (0940305529) in Taiwan. Four 
patients from the telbivudine arm discontinued treatment 
before the end of the 2-year study due to efficacy (achieved 
HBeAg seroconversion), and 10 patients from the lamivu- 
dine arm withdrew before the end of the 2-year study due 
to efficacy (n = 1) and protocol deviations or adverse 
events (n = 9). In total, 55 patients in the telbivudine arm 
and 46 patients in the lamivudine arm completed treat- 
ment in the GLOBE study. Of these, 48 patients in the 
telbivudine arm and 36 patients in the lamivudine arm 
who had polymerase chain reaction (PCR)-undetectable or 
PCR-detectable serum HBV DNA levels and did not show 
genotypic resistance to the two drugs entered the Phase 
IIIB extension 2303 study. Considering the significant 
superiority of telbivudine over lamivudine demonstrated 
by the international GLOBE trial, all patients who 
entered the 2303 study were treated with telbivudine for 
an additional two years due to ethical concerns. A total 
of nine patients withdrew from the study (7 in the telbi- 
vudine arm and 2 in the lamivudine-switch arm) due to 
protocol deviations and/or adverse events. In total, 34 
(18 HBeAg-positive and 16 HBeAg-negative) of the 
36 patients from the lamivudine-switch arm and 41 



(16 HBeAg-positive and 25 HBeAg-negative) of the 48 
patients from the telbivudine arm completed the 2303 
study. In the present study, the 4-year efficacy and on- 
treatment durability of the 41 Taiwanese patients from 
the telbivudine arm of the GLOBE trial who completed 
the 2303 study were analyzed. 

To study the HBV DNA kinetics, the data obtained 
from all of the 34 HBeAg-positive telbivudine-treated 
patients completing the 2303 study were analyzed. The 
baseline characteristics of the Taiwanese patients in the 
GLOBE trial, 2303 study, and HBV kinetics study are 
shown in Table 1. 

Efficacy assessments 

Efficacy measures for the analyses were as described 
in a previous publication [6]. Standardized tests were 
performed centrally by Quintiles Transnational (Research 
Triangle Park, NC). Serum HBV DNA levels were 
quantified using a COBAS® Amplicor HBV Monitor PCR 
assay (COBAS-AM assay; Roche Molecular Systems, 
Pleasanton, CA, USA; detection limit, 300 copies/mL). 
Informed consent was obtained from each patient 
enrolled in the study. The study was conducted in 
compliance with the Declaration of Helsinki and in 
accordance with Good Clinical Practice guidelines and 
local regulations. 

Statistical analysis 

Because only patients treated with telbivudine were 
included in this analysis, no statistical comparisons be- 
tween treatment groups were performed. Analyses of the 
4-year efficacy results (HBV DNA levels of <300 logio 
copies/mL, alanine aminotransferase (ALT) normalization 
(the normal range of ALT was below 48 IU/mL in male 
patients and 37 IU/mL in female patients), HBeAg loss 
and seroconversion, and resistance) were based on 
observed data, and missing data were not imputed. The 
cumulative HBeAg seroconversion rate was defined as the 
percentage of HBeAg-positive patients (n = 16) with docu- 
mented seroconversion at any point during the 4-year 
treatment period, including patients who subsequently 
seroconverted. Genotypic resistance was defined as the 
emergence of treatment-associated resistant mutations 
identified by direct sequencing of the amplified HBV 
DNA at baseline and from sera of all patients with serum 
HBV DNA levels of >3 logio copies/mL at Year 4 (Week 
208) [6]. Viral breakthrough was defined as a persistent 
(two consecutive determinations) on-treatment increase 
in serum HBV DNA level of >1 logio copies/mL above the 
nadir level [12]. 

The correlations of viral load kinetics (exact reduction 
in HBV DNA) at Week 24 with PCR negativity, ALT 
normalization, HBeAg seroconversion, and treatment- 
emergent resistance at Years 1, 2, 3, and 4 of telbivudine 
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Table 1 Baseline characteristics of the Taiwanese population in the GLOBE trial, 2303 study, and HBV DNA kinetics 
analysis 



Characteristic 



GLOBE trial 



Study 2303 



HBV DNA reduction kinetics study HBeAg-positive 
patients from GLOBE 



HBeAg- HBeAg- 
positive negative 
(n = 16) (n = 25) 



HBeAg- HBeAg- 
positive negative 
(n = 16) (n = 25) 



<5 log 10 
copies/mL at 
Week 24 (n = 8) 



>5 log 10 
copies/mL at 
Week 24 (n = 26) 



P value 



Age (years) 

Median (min-max) 
Age range, n (%) 
<30 
30-50 
>50 
Gender 
Male, n(%) 
Female, n(%) 
Weight 
Median (min-max) 
HBV genotype, n(%) 



27.5(19-53) 45.0(20-63) 29.5 (21-55) 47.0 (22-65) 38.0 (20-45) 

9 (56.3) 1 (4.0) 8 (50.0) 1 (4.0) 3 (37.5) 

6 (37.5) 1 9 (76.0) 7 (43.8) 1 7 (68.0) 5 (62.5) 

1 (6.3) 5 (20.0) 1 (6.3) 7 (28.0) 0 (0) 

11(68.8) 21(84.0) 11(68.8) 21(84.0) 5 (62.5) 

5(31.3) 4(16.0) 5(31.3) 4(16.0) 3(37.5) 

67.5 (48-95) 68.0 (42-95) 69.5 (51-92) 65.5 (43-91) 61.5 (49-73) 



B 13(81.3) 17 (68.0) 13 (81.3) 17 (68.0) 

C 3 (18.8) 8 (32.0) 3 (18.8) 8 (32.0) 

HBV DNA (log 10 copies/mL) 

Median (min-max) 10.2(7-13) 7.2(4-13) 2.5(2-10) 2.2(2-5) 



ALT (U/L) 

Median (min-max) 



134.5 (51-288) 110.0 (40-499) 27.5 (10-272) 29.0 (15-63) 



5 (62.5) 
3 (37.5) 

8.9 (6-10) 

92.0 (53-231 



27.5 (19-56) 

15 (57.7) 
8 (30.8) 
3 (11.5) 

19 (73.1) 
7 (26.9) 

67.5 (38-95) 

16 (61.5) 
10 (38.5) 

10.2 (8-15) 

149.0 (43-767) 



0.223 



0.566 



0.961 



treatment were also evaluated. Patients were categorised 
into three groups according to serum HBV DNA reduc- 
tion at treatment Week 24: Group 1, <5 logio vs. >5 
logio copies/mL; Group 2, <6 logio vs. >6 logio copies/ 
mL; and Group 3, <7 logio vs. >7 logio copies/mL. 
Stepwise logistic regression analyses were performed to 
identify variables associated with treatment outcomes. 
An odds ratio of >1 indicated a direct relationship, 
whereas an odds ratio of <1 indicated an inverse rela- 
tionship [8]. A P value of less than 0.05 was considered 
statistically significant. 

Results 

Virological and biochemical responses at Year 4 

The efficacy results of continuous telbivudine treatment 
in the 41 compensated CHB Taiwanese patients, the ITT 
population of the telbivudine arm of the GLOBE trial ana- 
lysed in this study, were consistent with those of the 
worldwide GLOBE trial. In the 4-year worldwide GLOBE 
study (GLOBE study and extension 2303 study) of telbivu- 
dine [13], 79% of the HBeAg-positive patients achieved 
undetectable HBV DNA levels (<300 logio copies/mL) 
with 51% HBeAg seroconversion, and 84% of the HBeAg- 
negative patients achieved undetectable serum HBV DNA 



levels and 91% achieved ALT normalization at Year 4. In 
the present subanalysis of the Taiwanese patients, 50% of 
the HBeAg-positive patients had undetectable serum HBV 
DNA levels, 56.3% had normalized ALT, and 37.5% and 
25% achieved HBeAg loss and seroconversion, respect- 
ively, at Year 4. The HBeAg-negative patients achieved 
better efficacy endpoints: 76% had undetectable serum 
HBV DNA levels and 83% had normalized ALT at Year 
4. In the Taiwanese patients who had undetectable or 
detectable HBV DNA levels at study entry, genotypic re- 
sistance to telbivudine at Year 4 was observed in 43.8% 
of the HBeAg-positive patients, and 12.5% of the 
HBeAg-negative patients (Table 2). In Taiwanese treated 
patients had lower HBeAg seroconversion and higher 
genotypic resistance rate compare to GLOBE study 
might be prolonged HBV infection and genotype B 
and C. 

Maintained virological responses to telbivudine at 4 years 

Seven out of the 16 HBeAg-positive patients who 
achieved undetectable levels of serum HBV DNA at 
Week 24 sustained this response (100% response rate) at 
the end of Year 4. Among the HBeAg-negative patients, 
16 patients achieved PCR negativity at Week 24, of 
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Table 2 Efficacy results at year 4 in the telbivudine-treated Taiwanese population of the GLOBE trial 



Characteristic 



All ITT patients 



Patients with HBV DNA level <300 copies/mL at Week 24 



HBeAg-positive 
(n = 16) 



HBeAg-negative 
(n = 25) 



HBeAg-positive 
(n = 7) 



HBeAg-negative 
(n = 16) 



HBV DNA level 

<300 copies/mL, n (%) 8/1 6 (50.0) 

ALT normalization, n (%) 9/16 (56.3) 

HBeAg loss, n (%) 6/16(37.5) 

HBeAg seroconversion, n (%) 4/16 (25) 

Resistance, n (%) 7/16(43.8) 



1 9/25 (76.0) 
20/24 (83.0) 

NA 

NA 
3/24 (12.5) 



7/7 (100.0) 
5/7 (71.4) 
6/7 (85.7) 
4/7 (57.1) 
0/7 (0.0) 



11/16 (78.3) 
11/15 (86.4) 

NA 

NA 
2/23 (8.7) 



whom 11 (78.3%) sustained the response at the end of 
Year 4. Overall, the proportion of patients achieving 
ALT normalization and HBeAg loss and seroconversion 
was higher in the subgroup of patients with undetectable 
serum HBV DNA levels at Week 24 (Table 2). Undetect- 
able HBV DNA levels at treatment Week 24 were also 
associated with lower rates of genotypic resistance to 
telbivudine at Year 4 in the HBeAg-positive (0%) and 
HBeAg-negative patients (8.7%) (Table 2). 

The rate of cumulative HBeAg seroconversion increased 
with continued telbivudine treatment from 12.5% at the 
end of Year 1 to 31.3% at the end of Year 4. In line with 
other efficacy results, the rate of seroconversion was 
higher (28.5% at Year 1 and 57.1% at Year 4) in the sub- 
group of patients with undetectable serum HBV DNA 
levels at Week 24 (Figure 1A). 

HBsAg kinetics during treatment 

In patients with HBeAg-positive CHB, telbivudine treat- 
ment significantly and progressively reduced serum 
HBsAg levels over a 3-year period in the subanalysis of 
the worldwide GLOBE study [14]. In the present study, 
six HBeAg-positive CHB Taiwanese patients were en- 
rolled in an HBsAg sub-study of the 4-year GLOBE 
study. Of these, five patients showed a rapid decline 
(>0.5 logio IU/mL) and one patient showed a slow de- 
cline (<0.5 logio IU/mL) in HBsAg levels at Week 24. 
Patients who had a rapid decline in HBsAg levels had 
higher HBsAg loss and seroconversion rates (80% and 
60%, respectively) compared to patients with a slow 
decline (0%), at that time point, their HBV DNA less 
than 300 copies/mL (Figure IB). Interestingly, the 
proportion of patients with a rapid decline in HBsAg 
levels from baseline to Week 24 was higher in the 
Taiwanese subanalysis (83.3%) than in the worldwide 
GLOBE study (33%) [14]. However, HBsAg loss or sero- 
clearance with S-gene mutations has recently been 
reported [15,16], and an immune escape-like mutant 
has been proposed. Further studies are necessary for 



the simultaneous evaluation of HBsAg-negative and 
HBV DNA levels. 



Correlation between the reduction of HBV DNA levels at 
Week 24 and treatment outcomes at Year 4 

We investigated the viral load kinetics (exact decrement 
in HBV DNA levels) at Week 24 and the correlations 
with long-term efficacy endpoints, namely maintained 
PCR negativity, ALT normalization, HBeAg seroconver- 
sion, and treatment-emergent resistance at Years 1, 2, 3 
and 4 of continuous telbivudine treatment. The average 
baseline HBV DNA level of the 34 HBeAg-positive 
patients in the correlation studies was ~9.6 logio copies/ 
mL. Reductions of 5, 6, and 7 logio copies/mL in HBV 
DNA levels at Week 24 were compared against post- 
treatment outcomes at Years 1, 2, 3 and 4. Statistically 
significant correlations were observed only between 
HBV DNA reductions of 5 logio copies/mL and main- 
tained PCR negativity (with the exception of treatment 
Year 1), and between HBV DNA reductions of 5 logio 
copies/mL and lack of resistance. At two years post- 
treatment, the odds ratios of an HBV DNA reduction of 
<5 logio copies/mL at Week 24 for maintained PCR 
negativity and treatment-emergent resistance were 0.075 
and 9.953, with P values of 0.0288 and 0.0219, respec- 
tively (P < 0.05) (Table 3). At Years 3 and 4, the odds 
ratios for maintained PCR negativity were 0.056 and 
0.053, with P values of 0.019 and 0.0164, respectively. 
The odds ratios for resistance at Years 3 and 4 could not 
be calculated given that the patients who had an HBV 
DNA reduction of <5 logio copies/mL at Week 24 deve- 
loped resistance at Years 3 and 4 post-treatment. The 
higher cumulative telbivudine resistance rates at Years 1, 
2, 3, and 4 in patients with an HBV DNA reduction 
<5 logio copies/mL compared to patients with an HBV 
DNA reduction >5 logio copies/mL (Table 4) were sig- 
nificantly correlated with HBV DNA reduction levels at 
Week 24, and further identified an HBV DNA reduction 
of >5 logio copies/mL at Week 24 as a good predictor of 
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Figure 1 A. Cumulative HBeAg seroconversion rates with 
continuous telbivudine treatment for 4 years in the ITT 
population of HBeAg-positive Taiwanese patients. B. HBsAg 
kinetics during telbivudine treatment. 



treatment outcomes at four years of continuous telbivu- 
dine treatment. 



Discussion 

In the GLOBE trial and the extended Phase Illb study 
(2303) confirmed a good safety and tolerability profile of 
telbivudine, along with prolonged viral suppression and 
biochemical responses in HBeAg-positive and HBeAg- 
negative patients. The present study was a subanalysis of 
41 Taiwanese patients (-75% with genotype B and -25% 



with genotype C) from the telbivudine arm of the world- 
wide GLOBE study who successfully completed the 2303 
study. The results of the Taiwanese subanalysis were in 
agreement with the worldwide GLOBE 2303 study, des- 
pite differences in genotypes, disease progression, and 
transmission patterns between the Taiwanese population 
and other races from the worldwide GLOBE trial. Both 
studies prove the long-term (4-year) efficacy of telbivu- 
dine with maintained virological responses in early 
responders (PCR-negative at Week 24), favourable ALT 
normalization in both HBeAg-positive and HBeAg- 
negative patients, and a high HBeAg seroconversion rate 
in HBeAg-positive patients. Previous telbivudine studies 
focussing on Asian patients with CHB have reported ef- 
ficacy results up to 1, 2 and 3 years in Korea, China and 
Hong Kong [3,17,18]. In our study presents a more com- 
prehensive and long-term follow-up of telbivudine- 
treated Taiwanese patients. 

The roadmap concept assesses antiviral efficacy at 
Week 24 to make treatment adjustments based on the 
decline in HBV DNA levels. At Week 24, the decline in 
serum HBV DNA levels is further categorised as 
complete (< 300 copies/mL), partial (300 to 10000 
copies/mL), or inadequate (> 10000 copies/mL) [19]. 
However, these thresholds are not applicable to patients 
with a high viral load at baseline given that the average 
HBV DNA reduction with even the most potent NAs is 
only 6-7 log copies/mL in one year of treatment. The 
present study is the first to characterize HBV DNA re- 
duction kinetics during long-term oral treatment with a 
direct and highly specific antiviral agent such as telbi- 
vudine in order to predict efficacy endpoints, namely 
maintained PCR negativity, ALT normalization, HBeAg 
seroconversion, and treatment-emergent resistance. We 
evaluated a number of HBV DNA reduction cut-off 
values (5, 6, and 7 logio copies/mL) and identified an 
HBV DNA reduction of >5 logio copies/mL as a good 
predictor of effective treatment outcomes at treatment 
Year 4. HBV DNA reductions of 6 and 7 logio copies/ 
mL did not show a significant correlation with any of 
the efficacy endpoints. We believe that this approach 
may be complementary to the widely used roadmap con- 
cept in the long-term management of CHB patients, par- 
ticularly for patients with high baseline levels of HBV 
DNA (>9 logio copies/mL). Establishing a definite 
threshold of HBV DNA reduction in CHB patients with 
high baseline values may help to identify a subset of 
patients with effective on-treatment suppression of HBV 
replication. When complemented with the current road- 
map concept, monitoring of on-treatment HBV DNA 
kinetics may be able to provide better treatment adjust- 
ments in patients who are likely to achieve HBeAg clear- 
ance and seroconversion during long-term telbivudine 
therapy. 
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Table 3 Predictability of efficacy endpoints for an HBV DNA reduction threshold of <5 log 10 copies/mL vs. >5 log 10 
copies/mL at Week 24 



Endpoints 


Odds ratio 


95% CI 


P value 


Treatment Year 1 


Maintained PCR negativity 


0.650 


(0.119, 3.541) 


0.6183 


Maintained ALT normalization 


0.283 


(0.032, 2.530) 


0.2586 


Maintained HBeAg loss 


0.000 


(0.000, >999.9) 


0.9619 


Maintained HBeAg seroconversion 


0.000 


(0.000, >999.9) 


0.9517 


Treatment Year 2 


Maintained PCR negativity 


0.075 


(0.007, 0.765) 


0.0288 


Maintained ALT normalization 


0.349 


(0.056, 2.174) 


0.2592 


Maintained HBeAg loss 


0.339 


(0.032, 3.616) 


0.3707 


Maintained HBeAg seroconversion 


0.368 


(0.033, 4.085) 


0.4156 


Cumulative treatment-emergent resistance 


9.593 


(1.387, 66347) 


0.0219 


Treatment Year 3 


Maintained PCR negativity 


0.056 


(0.005, 0.623) 


0.0190 


Maintained ALT normalization 


0.313 


(0.053, 1 .855) 


0.2010 


Maintained HBeAg loss 


0.124 


(0.012, 1.300) 


0.0816 


Maintained HBeAg seroconversion 


0.313 


(0.030, 3.231) 


0.3295 


Cumulative treatment-emergent resistance 


>999.9 


(0.000, >999.9) 


0.9681 


Treatment Year 4 


Maintained PCR negativity 


0.053 


(0.005, 0.584) 


0.0164 


Maintained ALT normalization 


0.195 


(0.032, 1.1980 


0.0776 


Maintained HBeAg loss 


0.147 


(0.015, 1.4530 


0.1 009 


Maintained HBeAg seroconversion 


0.219 


(0.022, 2.209) 


0.1976 


Cumulative treatment-emergent resistance 


>999.9 


(0.000, >999.9) 


0.9681 



The European Association for the Study of the Liver 
guidelines [20], and the roadmap concept proposed by 
Keeffe et al. [9] suggest the use of serum HBV DNA 
levels at Week 12 as the first early predictor of treat- 
ment efficacy. Week 24 has been proposed as the next 
earliest predictor of outcomes [21]. In the present study, 
the reduction in HBV DNA level at Week 24 was sig- 
nificantly correlated with maintained PCR negativity 
and treatment-emergent resistance. Analysis of the 
baseline characteristics of the CHB patients from the 



GLOBE trial identified Week 24, but not Week 12, as 
the optimal time point to predict treatment outcomes at 
the end of treatment Year 2 based on the serum HBV 
DNA levels in both HBeAg-positive and HBeAg- 
negative telbivudine-treated patients [8]. Serum HBV 
DNA levels at Week 24 have also been shown to influ- 
ence long-term outcomes in lamivudine recipients [22] 
and in lamivudine-resistant adefovir recipients [23], 
demonstrating its usefulness in the management of 
CHB patients. However, the predictive value of HBV 



Table 4 Cumulative resistance rates with continuous 4-year telbivudine treatment in HBeAg-positive and HBeAg- 
negative Taiwanese patients showing an HBV DNA decline of >5 log 10 copies/mL and <5 log 10 copies/mL 



HBeAg-positive patients (%) HBeAg-negative patients (%) 



Genotypic resistance to telbivudine 


Year 4 


43.8% 


12.5% 


Predictive factors at Week 24 








LJndetectable/Detectable levels of HBV DNA 


Year 4 


0%/77.8% 


8.7%/100% 


Achieved/Non-achieved reduction of 5 log 10 copies/mL 


Year 1 


0%/0% 


NA 




Year 2 


7.6%/75% 


NA 




Year 3 


1 5%/1 00% 


NA 




Year 4 


1 5%/1 00% 


NA 
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DNA levels at Week 12 in predicting long-term out- 
comes has been demonstrated in efficacy studies of ade- 
fovir [24]. Additionally, in a 3-year telbivudine efficacy 
trial conducted in Hong Kong, which included 36 
patients from the GLOBE trial, HBV DNA levels of 
<200 IU/mL at Week 12 were predictive of a higher 
chance of HBV DNA undetectability and a lower chance 
of resistance by Year 3. Undetectable levels of HBV 
DNA at Week 24 was predictive of viral suppression at 
Year 2 but not at Year 3 [18]. 

It is worth noting that a higher proportion of patients 
in the Taiwanese sub-study (83.3%) had a rapid decline 
in HBsAg levels (83.3%) than in the worldwide GLOBE 
study (78%). Interestingly, these Taiwanese patients who 
had a rapid decline in HBsAg had higher HBsAg loss 
and seroconversion rates (80% and 60%, respectively) 
than patients with a slow decline (0%). Although these 
results need to be verified in a larger population of 
Taiwanese patients, our data show telbivudine to be an 
effective antiviral agent in the long-term treatment of 
Taiwanese patients with CHB. 

The current guidelines and the US treatment algorithm 
[19] recommend entecavir and tenofovir as first-line 
monotherapies for CHB due to their relative potency and 
high genetic barrier to resistance [25]. However, the 
Asian-Pacific consensus statement on the management of 
CHB in 2008 suggests the use of telbivudine in addition to 
entecavir and tenofovir [26]. Superior efficacy and lower 
resistance rates of telbivudine over lamivudine have been 
demonstrated by the worldwide GLOBE and accom- 
panying trials. 

Conclusion 

The long-term efficacy and durability of continuous telbivu- 
dine treatment demonstrated in our study of Taiwanese 
patients substantiates the use of telbivudine in the treat- 
ment of CHB from an Asian-Pacific perspective and is 
comparable to the GLOBE 2303 study. Furthermore, the 
importance of monitoring changes in HBV DNA reduction 
kinetics (the optimal cut-off level of HBV DNA reduction is 
> 5 logio copies/mL) to predict the 4-year outcomes of 
telbivudine treatment may be a novel idea, and can be 
effectively incorporated in the roadmap algorithm for 
monitoring patients with high baseline HBV DNA levels 
of >9 logio copies/mL. 

Abbreviations 

CHB: Chronic hepatitis B; HBV: Hepatitis B virus: ITT: Intent to treat 
population; PCR: Polymerase chain reaction. 

Competing interest 

The authors have no financial or personal relationships with other people or 
organizations that could inappropriately influence (bias) their work. Dr. You 
Chen Chao served at the Tri-Service Hospital, Taipei, but moved to the 
Buddhist Tzu Chi General Hospital, Taipei, after completion of the study. 



Authors' contribution 

Dr. Chao Wei Hsu contributed to acquisition of the data, analysis and 
interpretation of the data, statistical analysis and drafting the manuscript. The 
other authors contributed to establishing the study concept and revision of 
the manuscript. All authors read and approved the final manuscript. 

Grant support 

This study is a subanalysis of the GLOBE 2303 study [6] sponsored by 
Novartis. There is no additional grant support. 

Acknowledgements 

We thank Novartis for providing the Taiwanese subgroup data of the GLOBE 
2303 study. We discuss and communicate with GLOBE research team about 
the data and full support by Novartis. A special thanks to professor Yun-Fan 
Liaw for facilitating data interpretation. 

Author details 

1 Liver Research Unit, Chang Gung Memorial Hospital, Chang Gung University 
College of Medicine, 199 Tung Hwa North Road, Taipei 105, Taiwan. 
2 BuddhistTzu Chi General Hospital, Taipei Branch, Taiwan. 3 Liver Research 
Unit, Chang Gung Memorial Hospital, Chang Gung University College of 
Medicine, Kaohsiung, Taiwan. 4 National Cheng Kung University Hospital, 
Tainan, Taiwan. 

Received: 2 May 2012 Accepted: 10 December 2012 
Published: 13 December 2012 

References 

1. Merican I, Guan R, Amarapuka D, Alexander MJ, Chutaputti A, Chien RN, 
Hasnian SS, Leung N, Lesmana L, Phiet PH, Sjalfoellah Noer HM, Sollano J, 
Sun HS, Xu DZ: Chronic hepatitis B virus infection in Asian countries. 

J Gastroenterol Hepatol 2000, 1 5:1 356-1 361 . 

2. Kao JH: Hepatitis B virus genotypes and hepatocellular carcinoma in 
Taiwan. Intervirology 2003, 46:400-407. 

3. Hou J, Yin YK, Xu D, Tan D, Niu J, Zhou X, Wang Y, Zhu L, He Y, Ren H, Wan 
M, Chen C, Wu S, Chen Y, Xu J, Wang Q, Wei L, Chao G, Constance BF, Harb 
G, Brown NA, Jia J: Telbivudine versus lamivudine in Chinese patients 
with chronic hepatitis B: Results at 1 year of a randomized, double-blind 
trial. Hepatology 2008, 47:447-454. 

4. Chien RN: On-treatment monitoring of chronic hepatitis B virus infection: 
an Asian-Pacific perspective. J Gastroenterol Hepatol 2010, 25:852-857. 

5. Lai CL, Gane E, Liaw YF, Hsu CW, Thongsawat S, Wang Y, Chen Y, Heathcote 
EJ, Rasenack J, Bzowej N, Naoumov NV, Di Bisceglie AM, Zeuzem S, Moon 
YM, Goodman Z, Chao G, Constance BF, Brown NA: Globe Study Group: 
Telbivudine versus lamivudine in patients with chronic hepatitis B. 

N Engl J Med 2007, 357:2576-2588. 

6. Liaw YF, Gane E, Leung N, Zeuzem S, Wang Y, Lai CL, Heathcote EJ, Manns 
M, Bzowej N, Niu J, Han SH, Hwang SG, Cakaloglu Y, Tong MJ, 
Papatheodoridis G, Chen Y, Brown NA, Albanis E, Galil K, Naoumov NV: 
GLOBE Study Group: 2- Year GLOBE trial results: telbivudine is superior to 
lamivudine in patients with chronic hepatitis B. Gastroenterology 2009, 
136:486-495. 

7. Gane EJ, Wang Y, Liaw YF, Hou J, Thongsawat S, Wan M, Moon YM, Jia J, 
Chao YC, Niu J, Leung N, Samuel D, Hsu CW, Bao W, Lopez P, Avila C: 
Efficacy and safety of prolonged 3-year telbivudine treatment in patients 
with chronic hepatitis B. Liver Int 2011, 31:676-684. 

8. Zeuzem S, Gane E, Liaw YF, Lim SG, DiBisceglie A, Buti M, Chutaputti A, 
Rasenack J, Hou J, O'Brien C, Nguyen TT, Jia J, Poynard T, Belanger B, Bao W, 
Naoumov NV: Baseline characteristics and early on-treatment response 
predict the outcomes of 2 years of telbivudine treatment of chronic 
hepatitis B. J Hepatol 2009, 51:1 1-20. 

9. Keeffe EB, Zeuzem S, Koff RS, Dieterich DT, Esteban-Mur R, Gane EJ, 
Jacobson IM, Lim SG, Naoumov N, Marcellin P, Piratvisuth T, Zoulim F: 
Report of an international workshop: roadmap for management of 
patients receiving oral therapy for chronic hepatitis B. Clin Gastroenterol 
Hepatol 2007, 5:890-897. 

10. Gane EJ: The Roadmap concept: using early on-treatment virologic 
responses to optimize long-term outcomes for patients with chronic 
hepatitis B. Hepatol Int 2008, 2:304-307. 

1 1 . Leung N, Peng CY, Hann HW, Sollano J, Lao-Tan J, Hsu CW, Lesmana L, 
Yuen MF, Jeffers L, Sherman M, Min A, Mencarini K, Diva U, Cross A, Wilber 



Hsu ef al. BMC Gastroenterology 201 2, 12:1 78 Page 8 of 8 

http://www.biomedcentral.com/1471 -230X/1 2/1 78 



12. 



13. 



15. 



16. 



17. 



19. 



20. 



21. 
22. 



23. 



24. 



25. 



26. 



R, Lopez-Talavera J: Early hepatitis b virus dna reduction in hepatitis Be 
antigen-positive patients with chronic hepatitis b: a randomized 
international study of entecavir versus adefovir. Hepatol 2009, 49:72-79. 
Locarnini S, Hatzakis A, Heathcote J, Keeffe EB, Liang TJ, Mutimer D, 
Pawlotsky JM, Zoulim F: Management of antiviral resistance in patients 
with chronic hepatitis B. Antivir Ther 2004, 9:679-693. 
The 21 st conference of the Asian pacific association for the study of the 
liver: oral presentations 1 7 February, 201 1 . Hepatol Int 201 1 , 5:3-558. 
Wursthorn K, Jung M, Riva A, Goodman ZD, Lopez P, Bao W, Manns MP, 
Wedemeyer H, Naoumov NV: Kinetics of hepatitis B surface antigen 
decline during 3 years of telbivudine treatment in hepatitis B e antigen- 
positive patients. Hepatology 2010, 52:161 1-1620. 
Hsu CW, Yeh CT, Chang ML, Liaw YF: Identification of a hepatitis B virus 5 
gene mutant in lamividine-treated patients experiencing seroclearance. 
Gastroenterology 2007, 132:543-550. 

Hsu CW, Yeh CT: Emergence of hepatitis B virus S gene mutants in 
patients experiencing HBsAg seroconversion after peginterferom 
therapy. Hepatology 201 1, 54:101-108. 

Moon YM, Hwang SG, Kim BS, Rim KS, Cho M, Kim DJ, Han JY, Kim YS, Choi 
HS, Ahn SH: [The efficacy and safety of telbivudine in Korean patients 
with chronic hepatitis BJ. Korean J Hepatol 2007, 13:503-512. In Korean. 
Seto WK, Lai CL, Fung J, Wong DK, Yuen JC, Hung IF, Yuen MF: Significance 
of HBV DNA levels at 12 weeks of telbivudine treatment and the 3 years 
treatment outcome. J Hepatol 201 1, 55:522-528. 
Keeffe EB, Dieterich DT, Han SH, Jacobson IM, Martin P, Schiff ER, Tobias H: 
A treatment algorithm for the management of chronic hepatitis B virus 
infection in the United States: 2008 update. Clin Gastroenterol Hepatol 
2008,6:1315-1341. 

European Association for the study of the liver: EASL Clinical Practice 
Guidelines: Management of chronic hepatitis B. J Hepatol 2009, 
50:227-242. 

Lok AS, McMahon BJ: Chronic hepatitis B. Hepatology 2007, 45:507-739. 
Yuen MF, Sablon E, Hui CK, Yuan HJ, Decraemer H, Lai CL: Factors 
associated with hepatitis B virus DNA breakthrough in patients receiving 
prolonged lamivudine therapy. Hepatology 2001 , 34:785-791. 
Chan HL, Wong VW, Tse CH, Chim AM, Chan HY, Wong GL, Sung JJ: Early 
virological suppression is associated with good maintained response to 
adefovir dipivoxil in lamivudine resistant chronic hepatitis B. Aliment 
Pharmacol Ther 2007, 25:891-898. 

Hass HG, Bock T, Nehls O, Kaiser S: Rapid HBV DNA decrease (week 12) is 
an important prognostic factor for first-line treatment with adefovir 
dipivoxil for chronic hepatitis B. J Gastroenterol 2009, 44:871-877. 
Osborn MK: Safety and efficacy of telbivudine for the treatment of 
chronic hepatitis B. Ther Clin Risk Manag 2009, 5:789-798. 
Liaw YF, Leung N, Kao JH, Piratvisuth T, Gane E, Han KH, Guan R, Lau GK, 
Locarnini S: Chronic Hepatitis B Guideline Working Party of the Asian- 
Pacific Association for the Study of the Liver: Asian-Pacific consensus 
statement on the management of chronic hepatitis B: a 2008 update. 
Hepatol Int 2008, 2:263-283. 



doi:1 0.1 186/1471-230X-12-178 

Cite this article as: Hsu ef al: Efficacy of telbivudine in Taiwanese 
chronic hepatitis B patients compared with GLOBE extension study and 
predicting treatment outcome by HBV DNA kinetics at Week 24. BMC 

Gastroenterology 201 2 1 2:1 78. 



Submit your next manuscript to BioMed Central 
and take full advantage of: 

• Convenient online submission 

• Thorough peer review 

• No space constraints or color figure charges 

• Immediate publication on acceptance 

• Inclusion in PubMed, CAS, Scopus and Google Scholar 

• Research which is freely available for redistribution 



Submit your manuscript at 
www. biomedcentra I .com/su bmit 



o 



BioMed Central 



